(19) 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets (11) EP 0 568 053 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
02.07.1997 Bulletin 1997/27 

(21) Application number: 93106922.3 

(22) Date of filing: 28.04.1 993 



(51) Int. CI. 6 : C03B 23/025, C03B 25/08, 
C03B 29/08 



(54) Method and apparatus for bending and tempering a glass sheet 
Verfahren und Vorrichtung zum Biegen und Harten von Glasscheiben 
Proc6d6 et dispositrf pour bomber et tremper les feuilles de verre 



0Q 

CO 
in 
o 

oo 

CD 

in 



a. 

UJ 



(84) Designated Contracting States: 
CH DE FRGBIT LI 

(30) Priority: 30.04.1992 Fl 921964 

(43) Date of publication of application: 
03.11.1993 Bulletin 1993/44 

(73) Proprietor: Tamglass Engineering Oy 
SF-33730 Tampere (Fl) 

(72) Inventors: 

* Vehmas, Jukka Heikkl 
SF-33420 Tampere (Fl) 



• Paavola, Juha 
SF-33820 Tampere (Fl) 

(74) Representative: GrOnecker, Kinkeldey, 
Stockmair & Schwanhdusser 
Anwaltssozietdt 
Maximilianstrasse 58 
80538 MQnchen (DE) 



(56) References cited: 
EP-A-0 132 701 
EP-A-0 370 313 



EP-A- 0 233 778 
US-A-3166 397 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Printed by Rank Xerox (UK) Business Servioes 
2.14.8/3.4 



EP0568 053B1 



Description 

The present invention relates to a method for bend- 
ing and tempering a glass sheet, in which method a 
glass sheet supported by a ring mould is heated to the 
softening temperature in at least one preheating station, 
the, glass sheet is allowed to bend gravitationally and 
the bent glass sheet is further advanced to tempering. 

The invention relates also to an apparatus for bend- 
ing and tempering a glass sheet, said apparatus com- 
prising a ring mould for supporting a glass sheet in 
various working operations, at least one preheating sta- 
tion, a bending station and a quenching station. 

The invention is particularly well suited for bending 
relatively simple glass shapes which can be bent gravi- 
tationally by using a ring mould. Most of the automotive 
side windows and backlights are of such simple shapes 
or forms that they can be bent by using the method and 
apparatus or the invention. For essentially the same 
purpose there is a prior known method, wherein a piece 
of hemothermal glass is dropped onto a ring mould and 
the piece of glass assumes its proper form by virtue of 
inertial force and the shape of the ring mould. This prior 
known method offers the advantages of high capacity 
and reliability but its drawbacks include a high price, a 
rather long form replacement time (4-5 h), marks 
caused by dropping on the glass border areas, and the 
high price of tools required by individual pieces of glass. 

On the other hand, there are known single furnaces 
operating on the ring mould principle, wherein the glass 
is only heated from above and the glass bends to its 
shape or form whose bending depth is determined by 
adjusting the heating time (see e.g. EP-A-0 132 701). 
An advantage offered by single furnaces is a simple 
construction and a low price but there are also draw- 
backs, including a low capacity, a relatively high mini- 
mum thickness (typically 5 mm, sometimes 4 mm), 
simple bending shapes and fairly good bending accu- 
racy (as the bending depth is only controlled by means 
of the heating time). 

An object of the invention is to provide an improved 
method and apparatus, capable of offering the following 
benefits: 

economical price in view of capacity 

- a reachable glass thickness is substantially below 4 
mm, typically a 3,2 mm minimum thickness or ther- 
ebelow 

- compact size of the apparatus 

low tooling costs (e.g., only four ring moulds are 
required for a glass pattern) 
a short glass-pattern replacement time (typically 
less than 0,5 h). 

This object of the invention is achieved by the 
method of claim 1 and the apparatus of claim 8. 

One embodiment of the invention will now be 
described in more detail with reference made to the 
accompanying drawing, in which 



2 

fig. 1 shows schematically a lengthwise vertical 
section through a furnace of the invention 
and 

5 fig. 2 shows schematically a lengthwise horizontal 
section through the same furnace. 

Fig. 3 shows a detail in a bending station 8. 

70 In a loading station 1 a glass sheet to be bent is 
placed on top of a ring mould 3. The ring mould 3 is 
advanced upon a carriage 2 along a lower horizontal 
track 4 into a preheating station 5, fitted with resistances 
7 for heating a glass sheet from above by the applica- 

15 tion of radiation heat. Thereafter, said carriage 2 along 
with its mould 3 and glass sheet is shifted to below a 
preheating station 6 and is lifted by means of a hoist into 
said preheating station 6, wherein the heating is contin- 
ued by means of resistances 7. As known in the art, the 

20 preheating can be effected at a relatively rapid rate 
since heat transfers effectively to cold glass. In preheat- 
ing, a glass sheet typically reaches a temperature of 
about 500°C. Naturally, the final temperature of preheat- 
ing can fluctuate considerably one way or the other. The 

25 preheated glass along with its ring mould 3 is advanced 
into a bending station 8, which at the same time serves 
as an effective heating chamber having a temperature 
of appr. 900°C. The temperature of heating and bending 
chamber 8 can typically fluctuate within the range of 

30 800-1 000°C. Said chamber 8 is provided with powerful 
resistances 9 for heating a glass sheet so quickly that a 
piece of 4 mm glass heats from 500°C within about 15- 
20 seconds up to a tempering temperature of 600- 
630°C, typically 615-620°C. During this rapid heating 

35 the glass is simultaneously allowed to bend. Thus, e.g. 
with 4 mm glass, the temperature increase rate is pref- 
erably about 6-8°C/s, i.e. generally about 24- 
32°C/mm/s. In order to achieve the object of the inven- 
tion, the temperature increase rate should be at least 

40 appr. 15°C/mm/s. 

The glass temperature is monitored by means of a 
pyrometer and/or the bending flexure by means of an 
optical apomecometer device 10. Therefore, the heat 
insulation of the furnace ceiling is provided with an 

45 observation window 1 1 . When pyrometer and/or flexure 
measuring device 10 detects that a predetermined 
glass temperature and/or bending flexure has been 
reached, the glass is carried as quickly as possible to 
tempering. The passage from bending station 8 to a 

50 tempering station 1 3 is effected on the same ring mould 
3 along a track 12. In tempering station 13, both sides of 
a glass sheet are subjected to the action of cooling air 
jets. This can be accomplished by using upper and 
lower manifolds 1 4 and 1 5, whose ends can be either on 

55 a straight line or can be set according to an anticipated, 
compromised bending form. From tempering station 13 
the glass and its mould 3 are transferred into an unload- 
ing station, wherein the tempered glass is removed from 
ring mould 3. This is followed by placing the next piece 
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of glass on top of the ring mould and the glass, together 
with its ring mould, is advanced into the preheating sta- 
tion. 

Ring mould 3 is supported on carriage 2 from out- 
side and it is coated with a fibrous coating suitable for 
glass bending and tempering. 

The movements of carriage 2 along tracks 4 and 12 
are produced e.g. by means of a system described in 
US Patent publication 4 497 645 by using carriages 
mounted on wheels rotatable from outside the furnace. 

The bending station 8 serving as a power heating 
chamber is the heart of an apparatus of the invention. A 
novel feature therein is high-speed heating facilitated by 
a high temperature, appr. 900°C. The bending of glass 
can be effected without the application of heat by means 
of a ring mould to a desired shape. This applies to sim- 
ple glass shapes but, as the shape readies a higher 
degree of complexity, the glass thickness decreases 
and the glass size increases, there will be more and 
more difficulties in producing a desired shape or form. 
Close control of the glass temperature and/or degree of 
bending and a possibility of moving the glass quickly to 
tempering make sure, however, that a method and 
apparatus of the invention are capable of readily and 
controllably bending flexural forms that are conventional 
in automotive backlights and side windows. 

A method of the invention facilitates particularly the 
bending and tempering of thin (3-4 mm) pieces of glass 
as bending does not begin until the tempering tempera- 
ture is just exceeded; as soon as a desired shape is 
obtained, the glass can be advanced directly to temper- 
ing. In the cases of lower-temperature furnaces this is 
not possible, since the central glass area has already 
had enough time to sag or bend further than a desired 
shape by the time the tempering temperature is 
reached. 

When using a ring mould for supporting a piece of 
glass throughout the heating operation, the result will be 
that the border or edge areas of glass remain colder 
than the rest of the glass. The reason for this is that, by 
virtue of its mass and thermal capacity, a ring mould 
shall remain colder than glass and, thus, it receives heat 
from glass. If a piece of glass is to be tempered, the 
entire glass must be thoroughly heated to above the 
tempering temperature and, thus, the central glass 
areas will become unnecessarily hot. This, in turn, leads 
to uncontrollable over-bending of the central glass 
areas. 

If the effect of ring mould 3 on a slower heating rate 
in the border area of a glass sheet cannot be eliminated 
or compensated by a further heating of the border area, 
the glass will be heated over its central area to 10-20°C 
unnecessarily high temperature in order to temper the 
border area as well (or just to keep the glass intact). 
Considering the common rule that the bending rate of 
glass doubles as the glass temperature increases by 
8°C, it is possible to understand the problem caused by 
the cooling effect of a ring mould. 

In order to eliminate this problem, the invention sug- 



gests that the heating of a glass sheet in bending station 
8 be intensified by using forced convection at least in 
the glass sheet border areas supported by ring mould 3. 
This is illustrated in fig. 3. 

5 Thus, the glass border or edge area is heated more 
to equalize the cooling effect of a ring mould, but no 
more than that. The objective is to obtain a corrpletely 
hemothermal piece of glass. 

The technical solution is carried out by using com- 

10 pressed air jets which are blasted from tubes 1 7 and/or 
18 fitted adjacent to the border area. From the lower 
tube 17 the air jets are blown vertically upwards (possi- 
bly at a 15° angle) in a manner that the air jet does not 
hit the glass but the border area and ring mould 3 are 

is heated by a vortex formed by the air jets. Since the 
demand for supplementary heat is slight, just one of the 
tubes, e.g. lower tube 17, is probably needed. In prac- 
tice, the manifold is not a continuous loop but divided 
into a plurality of individually controlled zones. 

20 Tests have shown that mere radiation heating is not 
always capable of sufficiently heating the top surface of 
glass but, instead, the bottom side heats more even 
though the bottom side would not be actually heated at 
all. This can be compensated by utilizing convection 

25 blasting if necessary over the entire surface area of a 
glass sheet in view of compensating for the heating of 
either top or bottom surface. 

As already pointed out, the bent piece of glass 
heated to a tempering temperature is advanced as 

30 quickly as possible to tempering. This is important 
since, once outside a furnace, the 4 mm glass cools 
prior to tempering at a rate of appr. 5°C/s. Every 
"wasted" second results in unnecessary over-heating of 
glass by 5°C. Therefore, the quenching blast should 

35 already be switched on and the nozzles should be in a 
proper position when the glass is brought to tempering. 
If tempering of all glass shapes cannot be performed by 
a single manifold or nozzle system, said manifolds 14, 
15 can be made replaceable. In the simplest of embod- 

40 iments, said manifolds or nozzle systems 14, 15 com- 
prise folded and perforated plates. For example, four 
different manifolds (perforated plates) folded to various 
shapes will be sufficient to cover the entire area. Natu- 
rally, it would also be possible to employ an adjustably 

45 shaped manifold (adjustment can be manual). 

As described above, an apparatus of the invention 
is very simple in its technical construction and thus eco- 
nomical in its costs. Nevertheless, in view of its price 
and size, said apparatus yields a very high production 

so capacity (60-120 loadings/h). 

Claims 

1 . A method for bending and tempering a glass sheet, 
55 in which method the glass sheet supported by a 
ring mould (3) is heated to the softening tempera- 
ture in at least one preheating station, the glass 
sheet is allowed to bend gravrtationally in a bending 
station (8), and the bent glass sheet is further 
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advanced for tempering in a tempering station (13), 
characterised in that above the glass temperature 
of 500°C the heating of the glass sheet to the tem- 
pering temperature is effected in the bending sta- 
tion at such a heating rate that 4 mm glass heats 5 
from the temperature of 500°C to the tempering 
temperature of 600-630°C in less than 28 seconds, 
preferably within about 1 5-20 seconds, whereby the 
temperature increase rate of the glass sheet at 
least at the glass surface is in average at least appr. 10 
15°C/mm/s, preferably 24-32°C/mm/s. 



bending flexure or temperature of the glass sheet 
and these measuring means (10) are adapted to 
commence the passage of the ring mould (3) and 
the glass sheet supported thereby from the bending 
station (8) into the tempering station (13), 
and wherein two preheating stations (5, 6) are pro- 
vided which are located on two different vertical lev- 
els in a manner that one preheating station (5) lies 
below the bending station (8) and the other pre- 
heating station (6) lies adjacent to the bending sta- 
tion (8). 



2. A method as set forth in claim 1 , characterized in 
that said temperature increase rate is 24- 
32°C/mm/s or 6-8°C/s on 4 mm glass. 

3. A method as set forth in claim 1 or 2, characterised 
in that the bending flexure or temperature of the 
glass sheet is measured and, upon reaching a pre- 
determined bending flexure or temperature, the 
glass sheet is further advanced for tempering sup- 
ported by the same ring mould (3). 

4. A method as set forth in any of claims 1 -3, charac- 
terised in that prior to passing the glass sheet into 
the bending station (8), the preheating of the glass 
is effected on two levels, first on a lower level (sta- 
tion 5) and then, after hoisting said ring mould (3), 
on an upper level (station 6), and that the glass is 
earned on the same ring mould (3) to the bending 
station and the tempering station (13). 

5. A method as set forth in claim 1 or 2, characterised 
in that in the bending station (8) the heating of the 
glass sheet is intensified by forced convection. 

6. A method as set forth in claim 5, characterised in 
that boosted convection is applied at least to the 
border areas of the glass sheet, which are sup- 
ported by the ring mould (3). 

7. A method as set forth in claim 6, characterised in 
that the boosted convection is applied to the border 
areas of the glass sheet in a manner that the blast- 
ing jets are directed past the edge of the glass 
sheet adjacent to the edge of the glass sheet. 

8. An apparatus for bending and tempering a glass 
sheet, said apparatus comprising a ring mould (3) 
for supporting a glass sheet in various working 
operations, at least one preheating station (5, 6), a 
bending station (8), and a tempering station (13), 
characterised in that said 

bending station (8) is provided with heating means 
adapted for bringing the temperature of the bending 
station at a temperature of at least 100°C, prefera- 
bly over 200°C higher than the temperature to 
which the glass sheet is heated for tempering, and 
with measuring means (10) for measuring the 



9. An apparatus as set forth in claim 8, characterised 
in that the temperature of the bending station is 
15 about 800-1 000°C and the tempering temperature 
of the glass sheet is about 600-630°C, at which 
temperature the glass sheet is advanced from the 
bending station (8) into the tempering station (13). 



1. Verfahren zum Biegen und Harten einer Glas- 
scheibe, wobei die auf einer Ringform (3) gestutzte 
bzw. gelagerte Glasscheibe auf die Erweichungs- 

25 temperatur in wenigstens einem Vorw&rmbereich 
erwarmt wird, sich die Glasscheibe durch Schwer- 
kraft in einem Biegebereich (8) biegt, und die gebo- 
gene Glasscheibe welter zum Harten in einen 
Hartebereich (13) befflrdert wird, dadurch 

30 gekennzeichnet, daB oberhalb der Glaztempera- 
tur von 500°C das Erwdrmen der Glasscheibe zu 
der Hartetemperatur in dem Biegebereich mit solch 
einer Aufheizgeschwindigkeit durchgefuhrt wird, 
daB sich 4 mm dickes Glas von der Temperatur von 

35 500°C auf die Hartetemperatur von 600 bis 630°C 
in weniger als 28 Sekunden erwarmt, vorzugsweise 
innerhalb von 15 bis 20 Sekunden, wodurch die 
Temperaturanstiegsgeschwindigkeit der Glas- 
scheibe wenigstens an der Glasoberfiache durch- 

40 schnittlich wenigstens ungefahr 15°C/mm/s, 
vorzugsweise 24 bis 32°C/mm/s betragt. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Temperaturanstiegsgeschwin- 

45 digkeit 24 bis 32°C/mm/s Oder 6 bis 8°C/s bei 4 mm 
dickem Glas betragt. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch 
gekennzeichnet, daB die Durchbiegung oder Tem- 

50 peratur der Glasscheibe gemessen wird und beim 
Erreichen einer vorbestimmten Durchbiegung oder 
Temperatur die Glasscheibe des weiteren zum Har- 
ten befOrdert wird, gestutzt auf der gleichen Ring- 
form (3). 

55 

4. Verfahren nach einem der AnsprOche 1 bis 3, 
dadurch gekennzeichnet, daB, bevor die Glas- 
scheibe in den Biegebereich (8) befOrdert wird, das 
Vorwarmen der Glasscheibe auf zwei Ebenen 
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durchgefQhrt wind, zunachst auf einer urrteren 
Ebene (Bereich 5) und anschlieBend, nachdem die 
Ringform (3) heraufgezogen wurde, auf einer obe- 
ren Ebene (Bereich 6), und daB die Glasscheibe 
auf der gleichen Ringform (3) zu dem Biegebereich 5 
und dem Hartebereich (13) befflrdert wird. 

5. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB in dem Biegebereich (8) das 
Erwarmen der Glasscheibe durch Zwangskonvek- 10 
tion verstarkt wird. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft eine Hiffs- bzw. Zusatzkonvektion 
auf wenigstens die Randbereiche der Glasscheibe is 
ausgeQbt wird, welche von der Ringform (3) 
gestutzt wird. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die Hilts- bzw. Zusatzkonvektion auf 20 
die Randbereiche der Glasscheibe in solch einer 
Weise angewandt wird, daB Strahldusen vor die 
Kante der Glasscheibe in der Nahe der Kante der 
Glasscheibe gerichtet werden. 

25 

8. Vorrichtung zum Biegen und Harten einer Glas- 
scheibe, wobei die Vorrichtung umfaBt: 

eine Ringform (3), urn eine Glasscheibe in ver- 
schiedenen Arbeitsstellungen abzustutzen, wenig- 
stens einen Vorwarmbereich (5, 6), einen 30 
Biegebereich (8), und einen Hartebereich (13), 
dadurch gekennzeichnet, daB 
der Biegebereich (8) mit Heizeinrichtungen verse- 
hen ist, welche geeignet sind, die Temperatur des 
Biegebereichs auf eine Temperatur von wenigstens 35 
100°C, vorzugsweise uber 200°C oberhalb der 
Temperatur, auf welche die Glasscheibe zum Har- 
ten erwarmt wird, zu erhOhen, und mit MeBeinrich- 
tungen (10) zum Messen der Durchbiegung oder 
der Temperatur der Glasscheibe und wobei diese 40 
MeBeinrichtungen (10) geeignet sind, den Durch- 
gang der Ringform (3) und der von dieser abge- 
stotzten Glasscheibe von dem Biegebereich (8) in 
den Hartebereich (13) zu beginnen, 
und wobei zwei Vorwarmbereiche (5, 6) bereitge- 45 
stelit sind, welche an unterschiedlichen vertikalen 
Ebenen angeordnet sind, in solch einer Weise, daB 
ein Vorwarmbereich (5) unterhalb des Biegebe- 
reichs (3) und der andere Vorwarmbereich (6) 
neben dem Biegebereich (8) liegt. 50 

9. Vorrichtung nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die Temperatur des Biegebereichs 
ungefahr 800 bis 1000°C betragt und daB die Har- 
tetemperatur der Glasscheibe ungefahr 600 bis 55 
630°C betrdgt, wobei die Glasscheibe bei dieser 
Temperatur von dem Biegebereich (3) in den Harte- 
bereich (13) befdrdert wird. 



Revendications 

1. Procede pour bomber et tremper une feuille de 
verre, dans lequel on chauffe la feuille de verre sup- 
portee par un moule en forme d'anneau (3) a la 
temperature de ramollissement dans au moins un 
poste de pr6chauffage, on laisse la feuille de verre 
se bomber par gravity dans un poste de bombe- 
ment(8), puis on fait avancer la feuille de verre bom- 
b6e pour la tremper dans un poste de trempe (13), 
caract6ris6 en ce qu'au dessus de la temperature 
de verre de 500 °C. le chauffage de la feuille de 
verre a la temperature de trempe est effectu6 dans 
le poste de bombement a une vitesse de chauffage 
telle qu'un verre de 4 mm chauffe de la temperature 
de 500 °C a la temperature de trempe de 600 a 630 
°C en moins de 28 secondes, de preference en 
I'espace d'environ 15 a 20 secondes, de sorte que 
la vitesse d'augmentation de la temperature de la 
feuille de verre. au moins a la surface du verre, soit 
en moyenne d'au moins approximativement 15 
°C/mm/s, de preference 24 a 32 °C/mm/s. 

2. Proc6d6 selon la revendication 1, caracterlse en 
ce que ladite vitesse d'augmentation de tempera- 
ture est de 24 a 32 °C/mm/s ou 6 a 8 °C/s sur un 
verre de 4 mm. 

3. Procede selon la revendication 1 ou 2, caracterlse 
en ce que la flexion du bombement ou la tempera- 
ture de la feuille de verre est mesuree et, apres 
avoir atteirrt une flexion du bombement ou une tem- 
perature predetermines, on fait ensuite avancer la 
feuille de verre pour la tremper, supportee par le 
m§me moule en forme d'anneau (3). 

4. Procede selon Tune quelconque des revendications 
1 a 3, caracterlse en ce quavant de faire passer la 
feuille de verre dans le poste de bombement (8), le 
prechauffage du verre est effectu6 sur deux 
niveaux, d'abord sur un niveau inferieur (poste 5) 
puis, apres avoir hiss6 ledit moule en forme 
d'anneau (3), sur un niveau superieur (poste 6), et 
en ce que le verre est transpose sur le mSme 
moule en forme d'anneau (3) au poste de bombe- 
ment et au poste de trempe (13). 

5. Procede selon la revendication 1 ou 2, caracterlse 
en ce que dans le poste de bombement (8), le 
chauffage de la feuille de verre est intensive par 
une convection forc6e. 

6. Procede selon la revendication 5, caracterlse en 
ce que la convection forcee est appliquee au moins 
aux aires de bordure de la feuille de verre, qui sortt 
supportees par le moule en forme d'anneau (3). 

7. Procede selon la revendication 6, caracterlse en 
ce que la convection forcee est appliquee aux aires 
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de bordure de la feuille de verre de manure que les 
jets de decapage soient diriges le long du bord de 
la feuille de verre de fagon adjacente au bord de la 
feuille de verre. 

5 

8. Appareil pour bomber et tremper une feuille de 
verre, ledit appareil comprenant un moule en forme 
d'anneau (3) pour supporter une feuille de verre 
dans diverses operations de travail, au moins un 
poste de pr6chauffage (5, 6), un poste de bombe- w 
ment (8) et un poste de trempe (13), caract6ris6 

en ce que I edit poste de bombement (8) est muni 
de moyens chauffants adaptes pour porter la tem- 
perature du poste de bombement k une tempera- 
ture d'au moins 100 °C, de preference plus de 200 is 
°C, superieure k la temperature k iaquelle la feuille 
de verre est chauff 6e pour la trempe, et de moyens 
de mesure (10) pour mesurer la flexion du bombe- 
ment ou la temperature de la feuille de verre et ces 
moyens de mesure (10) sont adapt6s pour com- 20 
mencer le passage du moule en forme d'anneau (3) 
et de la feuille de verre supportee par celut-ci 
depuis le poste de bombement (8) dans le poste de 
trempe (13), 

et dans lequel deux postes de prechauffage 25 
(5, 6) qui sont situ6s sur deux niveaux verticaux dif- 
f erents sont fournis, de manure qu'un poste de pre- 
chauffage (5) se trouve en dessous du poste de 
bombement (8) et que I'autre poste de prechauf- 
fage (6) se trouve adjacent au poste de bombement 30 
(8). 

9. Appareil selon la revendication 8, caract6rise en 
ce que la temperature du poste de bombement est 
d'environ 800 k 1000 °C et la temperature de 35 
trempe de la feuille de verre est d'environ 600 k 630 

°C, temperature k Iaquelle la feuille de verre est 
envoyee du poste de bombement (8) au poste de 
trempe (13). 
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